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EIGH-SPRED TESTS OF A DUCTED BODY WITH
VARIOUS AIR-OUTLET OPEN]INGS
By John V. Becker and Donald DD Baals

SUMMARY

Test of a ducted bdody with internal flow were made
in the 8-foot high~speed wind tunnel for the purpose of
studying the effects on external drag and on critical
speed of the asdditlion of efficlent 1nlet and outlet open~
ings to a basic streamline shape. Drag tests of a 13.6-~
inch-diameter streamline body of fineness ratlio 6.14 wers
made at Mach numbers ranging from 0,20 to 0.76. The model
was centrally mounted on a I-percent~thick alirfoll and was
decslgned to have an efficlent airfoll-body Juncture and a
high critical speed. An air inlet at the nose and vcrlous
outlets at the tall were added; drag and internal-flow
data were obtalned over the given speed range.

The critical speed of the ducted bodies was found to
be as high as that of the streamline body. The external
drag with air flow through the body dld not exceed the drag
of the baslec streamline shape. No apprecladbls variation
in the efficliency of the diffueer section of the internal
duct occurred throughout the Mach number range of the tests.

INTRODUCTION

The tests of ducted bdodles reported in reference 1}
showed that the external drag of bodles with well-designed
alr inlet and outlet openings did not exceed the drag of
the basic streamline body to which the openings were added,
Presgure~distribution and boundary-layer data were pre~
sented .that satisfactorily accounted for the drag charac~
teristics. Further teets of a ducted fuselage (reference 2)
Yielded the sams results as the teaste of reference 1l.

The ducted bodies of the tests of referencee 1 and
2 were supported by l2-percent-thick airfolle, end some
local separation of the flow at the alyfollw~body Jurctures




was found to exist and was reported. The ‘airfoils were
located near the center of each body, well out of the
meaeuratle fleld of influence of the openings. Never~
theless, 1t has been suggested that the draz measured
with internal alr flow might have been affected by the
alleviation of the local saparated condition at the
Jungture.

One purpose of the present tests was to compare
the drag of a ducted b9dy with the drag of a2 stresamlineg
body under conditlions that would be free from any pcs-—
slble lnterfereance effects at the alrfoll-body Juncture.
The tests were plannsd to include several types of outlet
opening, to cover & wlde range of internal mess~flow o0~
efflclents, and to extend to Mach numbers of about 0.75.
Pressuree were measured at the outlet cpenings and behind
the diffuser section of the duct throughout the range of
test Mach numbers 1n order to determine the internal drag
and the diffuser efficiency.

The model employed in these tests has been used 1in
a subsequent investlgatlon employing 8 Leated radiatcr.

SYMBOLé

Vo free-stream valoqity, feet per second
v locel velocity, feet per second
P ;tatic pressure, pounds per asquaré foot, absolute
<] density, eslugs per cublec foot
q dynamic pressure, pounds per square foot (& pVB)
Ah total~-pressure loss, pounds per square foot
T maximum cross—sectional area of fuselage, 1.0092
esquare feet
A area, square feeot
Q quantity of flow, cubic feet per second
PQ

"T; masgs~-flow coefficlent
o Yo .



_ P o : p}o;;hfe coe’fiolent ";p°> _ oL
. C “ " an .
na diffuler e?fioiency (1 - —;7;fq;>
a - velccity of sound, feet per seoond
M . Mach number (v/a) .
Op ezternal-drag coettieiont

b

(total dreg of combinatlion)-{drag of wing)-{drag celoulated from internal losses)

p 4 distance from leading edge of respective sections,
daches . :

_vertlcal distanoe. 1nohap

outside radius, 1nchon L _— :3'
.hI” . 4nside radius, 1nehes -
: s£bsp?}?ﬁ-=;

o . free~stream condition -

1 condition at inlet -~
a - condition !.mmed.ia.tely behind d.:Lffuser
4'.-:- con&ition at outlet

e e Arrmm.us- un .u'rnon&

-

- . -

szganljng_pggz,y_yhe ltreamline body of. revolution

(fig.~ 1, table I) wae derived from a modified version of

" the NACA fnselafe form 1ll.. gspe referenca.l. z The nose
section was designed with a fineness ratio of 28 with
the maximum thicknepgs.at the 24. Brinch station. At this
point the nose section fajred 'inte m cylindrigsl. center
section 12 inches long, designed to increase the critical
speed of the wingrdody Juncture, At the 36,5~inch station

a tail section of fineness ratlo 6 06 faired into the genter



section. The fineness ratio of the resultant body was
6.14, The sections dimensioned 1in figure 1 represent
the parting lines of the nose and tall sections &nd do
not necesearily coincide with the sections used in
deriving the model ordinates.

Ducted model.~ The nose-inlet profile was derived
from nose B of reference 1 and was designed to falr
into the streamline body. (See figs, 1 and 2 and tadle II,)
The center section wes the same.for all model modifications.

Taills A, B, and C were derlved from the streamline
tall but were cusped at the outlet in accordance with the
recommendations of references 1 and.2. (See fige. 1 and 23
" and table TI.) These outlets were designed for a mase-flow

pQ 6 a 0.
coefficlent 3317; of about 0.06, 0.0425, and 0.025 for

the tails A, B, and C, respectively, ' The outlet areas are
included 1n table II. Tall D was formed by cutting off

the streamline tall t: the same length as the cusped taills -
A, B, and 0. The resultant shape was & stralght-walled out~
let of converging section with an outlet area of 0.0603
square foot. The partiaml-annular outlet, tail ®E, (figs,

1l and 3(a)) was installed in the streamline tail at the
13,66~inch station with the ordinates derived from the pro-
posed optimum shape of reference 2. The outlet area was
0.0687 square foot. The outlet areas of both tails D and

¥ were approximately the same as the outlet area of tail B,

e - » The ducted body wae intended
to serve not only in the test program reported herein bdut
aleo in an investigation requiring the installation of a
heated radiator. .(See reference.3.) -The details of the
internal-~duct design, therefore, were partly governed by
the installation details of the radiator..

The d%ffuaer had an equivalent conical expansion
angle of 8~ back to the-14.75-1nch station. At this point
the duct expanded more rapidly until the constant-diameter

section of llf% inches was reached. (See fig. 1 and

tadle II for internal-duct ordinates.) For one of the tests
wvith tail B a simulated engine resistance of Ah/qy = 0.27
for C = 0.0425 was installed within the diffuser at the
31.50~1nch station.

53322;11gg_§1:;g114— A thin, relatively small eirfoll
was used to .support the bodies in order both to minimize the
interference effects of the juncture and to redunce the tare



-:0f the fuselage 1in order to.eliminate .
- cdused by -the:shifting of the transition point-and to-
:gecure ‘réesults.significant for high Reynolds ‘number appli-

o
L

draé.\ The:sgptdonipaqd'wai the NACA 66-009., (B8ee fig, 1,)

"The. airfoll gcontained a duct through vhich pressure ‘leads

vere -carried :outside the tuanel.

: aaéang;izlsigi;ﬁgngiijinL- Boundary-layer .transition
vag -artifieclally fixed both on the.ﬁing and near the nose
rag variations-

-cations.  Trepsition was fixeéed by a 1l/4—inch-wide strip of

"Ho. 60 aarborundum_ glued to the surface at the'l0-percent-
‘dhord-station of .the wing and at the 1%~inch stationof

the ducted body. Transition on the streamline body wis

~fixéd at the Bg-inoch. statien, correlppnding to the location
++0f the strip-on the Aducted modeéel. Except for
dum stripe, .the model was'aeroqynémioal}y‘amooph and fair,

"thé carborun-

"' Interpal flow and pressure measuresepte.~ The. internal-
mass-flow rate, the total~pressure loss, and the statlic pres-
sure at-the outlets were obtained by means .of' p' 52-tube -rake

" -mounted-.at: the tail outlet. The rake was supported at the
_end of & ld¥-inch~diadster hollow tube that extended through

the center of the duct énd carried the pressure leads from
the rake to .the wing duct. (See figs. 1 and 3(b).) -.The
blades of the rake were removed during the force tests.

An 8-tube rake of 5 total-pressure tubes and 3 static-~
pressure tubes, located 1% inches behind the diffuser, was

. use€dq, to furnieh .data on the 1088 in the diffuser.

T " 'gmses ! _

- . Ragh configuration was tested through a . 'Mach humber
rapge -of 0,20 to 0.75 at 0° angle .of attack. -Drag and
internal-flov data were obtained in separate runs because
of the .neceseity of removing the tail-rakeé blades during

‘the foroe tests. The internal flow with the partial-

annular outlet (tall X) was obtained from readings of

'the .8~tude internal -rake, .which waa calibrated against
the tail rake. L o

4 "tuft nufvoﬁlét-the air:oil*hodxgduﬁgtqig;vpj.gadp
through a ‘speed range of 90 to 260 -miles.per hour. ...

s
- w
- e -~

RBSULTS AND DISCUSSION

.t

Figure 4(a) shows the comparison of the external drag




. of the ducted bodies with taile A, B, and C with the
.drag of the. streamline body through the range of test
" Mach.numbers, Similar comparisons for tail-D and the
partial-annular outlet, tall B, are shown in figure 4(db).
The external drag.was obtained by deducting from the
‘total measured body drag the drag calculated from the
measured’ internal momentum loeses. A simple method of
computing the internal drag for low-speed test conditions
la' given in reference.l. 1In the present tests, however,
it was necessary to use the more involved formula of
reference, 3 which is applicable in the case of high-speed
compressible flow. Owing to the fact that the internal
"losses were very small, the internal drag was low (about
3 percent of the drag of the body with tall B, for example).

_ It will be noted at once (fig. 4) that the external
drag of the ducted bodies did not exceed the drag of the
streamline body. The tall outlets tested appeared to have
only & s8light advantage over the partial-annular outlet of
tail E. Tall D, with the stralght converging sides, had
about the same drag as tall B, which was of corresponding
sige but of cusped sontour. Previous tests (references

1 and 2) had shown that, for converging outlete, the ex~
ternal flow was .considerably decreased as compared with
that of the cusped tail., Tall D, however, did not con-
tract as abruptly as the tails of references 1 and 2

and thus the outlet characteristics corresponded more
closely to the outlet characteristics of a tall with a
cusped contour. .

The tuft survey of the flow in the wing-body Junc ture
verifled the expectation that unusually smooth flow con-
ditions exlsted. For speeds above 360 miles per hour
but below the critical speed, no marked change in drag
coefficient was found, indicating that similar flow con-
ditlons prevailed throughout the suberitical speed range.
(See fig. 6.) The drag comparisons made in this paper
may, therefore, be considered free from interference
effects due to unsatisfactory flow conditions in the
wing-body Junecture.

Yigure 6 shows that the internal-mass~flow coeffi-
cient Fi%%_ remained nearly constant with inoreasing
0¥V

Mach number. The theory of reference 3 indicates that
thie coefficient will be constant provided that, as in
the present case, the internal losses are small, The
very slight increase at the higher speeds is attributed
ta a reduction of the small duet~friction losses due to
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the favorable scale effect and to the favorable compressi-
bility effect described in reference 3.

The pressure coefficients at the cusped-tall outlet
are shown in figure 7. Little change occurred with in-
creasing Maoh number. .

Figure B8 shows the variation of diffuser efficienoy
with Mach number MNg for various inlet-veloclity ratios,
The data show that the dif fuser efficlency remains essen~
tiaily constant throughtout the teat Mach number range.
The diffuser efficiency, however, increases slightly with
a decrease in inlet-veloclty ratio. This effect may be
aseribed to the natural divergence of the streamlines
at the inlet opening; the greater divergence correspond-
ing to the lower inlet velocitles results in improved flow
in the di1ffuser. A similar result was deecribed in refer-
ence 4,

The maximum value of the inlet Mach number M,
attained in the present tests was 0.45, which can be deter~
mined from the tabulated valuee of inlet velocity ratio

vy /V, of figure 8. For inlet velocitles of the order
ot tfe speed of aound (M, = 1), the value of the diffuser

efflclency willl dacrease sharply because of the formation
of & shock wave wlithin the entrance,

The diffuser efficlency for these tests 1s defined

Ah
= 1 -
Na y = a3

Thle equation becomes 1dén£16al with the more usual form

nd:.:-p_a;...:_.l?l
q = 4y

if the flow 1s incomprcesible and the velocity distribu-
tion i1s uniform. For compregsible flow at high speeds,
the ldeal static-pressure rieé is more ,rapid than the
corrdsponding dynamic-pressure decrease. _Ths usual

definition of Ny 1p terms of the static ard dynamilc

Preseur:s willl, therefore, glve meaningleas rosults at
high sjozie’ (vzlues of mg>l in some cesas). It 1s
recommended that the definition in terms of the total-



presgure loas

Ah
q.1 -~ qlg

ng = 1 -

be adopted, because this iaiua-of nqg does not change
measurably with M,, as is shown.ix figure 8.

‘CONCLUSIONS

For a model on which the wing-body interference
was negllglible, the external drag of a ducted body with
air inlet and outlet openings of suitable shape did not
exceed the drag of the basic streamline body to whileh the
openings were added. This result corroborates the con-

clusions of references 1 and 2.

The eritical compressibility spsed of the duated
bodles wase the same as that of the streamline body.

The diffuser efficlency did not vary appreciably
for the Mach number raenge of these tests.

Langley Memorial Aeronmutical Laboratory
National Advisory Committee for Aeronautics,
Langley Fleld, Va,
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Tables 1,2

TABLE I

STREAMLINE-BODY ORDINATES IN INCHES
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Figure 1.- Model details.
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(a) Partial annular outlet, tail E.
4

(b) Tail B outlet with tail rake.
Figure 3.- Model outlet details.
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